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ABSTRACT
Hirman skin obtained shortly post mortem was hydrolyzed and extracted with iso-
octane. The lipid fraction was chromatographed on thin-layer to separate various sterols.
The 7-dehydrocholesterol area was isolated and found to have ultraviolet and infrared
spectra identical with authentic 7-dehydrocholesterol. The vitamin D area was isolated
and shown to have thin-layer and gas chromatographic properties similar to authentic
vitamin D3 .Further, the iodine trichloride and trimethylsilyl derivatives of isolated vita-
min D1 had chromatographic properties indistinguishable from the derivatives formed
from the authentic compound. The pyro and isopyro products of authentic vitamin
D3-trimethylsilylate yielded almost identical mass spectra. Radioisotope studies
indicated an average 38% recovery of tritiated vitamin D3 through the isolation pro-
cedure prior to gas-liquid chromatography. Preliminary quantitation of vitamin D5
in abdominal skin was approximately 3.2 pg/gm of skin.
Although it is general knowledge that an im-
portant photobiologic function of the skin is
the synthesis of antirachitic substances from
naturally occurring provitamin compounds,
vitamin D had never been identified as such
in human skin by accepted chemical criteria.
In fact, a recent report relates that an at-
tempted identification of vitamin D8 from rat
skin by a spectrophotometric technique was
not successful and the authors expressed some
doubt that it would ever be possible (1).
The difficulties in the past appear to have
been technical. Those sterols present in trace
amounts tend to be masked by others present
in high concentrations, notably cholesterol.
Compounds of the vitamin D series are un-
stable and purification is accompanied by
serious losses. However, in the last few years,
considerable progress has been made in micro-
analytic techniques for lipids. The improve-
ments of gas-liquid chromatography in partic-
ular have permitted the detection of steroids
and sterols with remarkable sensitivity, selec-
tivity and reliability. Sterols in general undergo
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gas chromatography on selected supports and
phases at reasonable temperatures and gas
flows with excellent resolution, and newer
methods of detection have added a consider-
able increase in sensitivity (2, 3, 4).
This report summarizes our work by gas
chromatography and other microanalytic pro-
cedures to confirm the presence of the vitamin
D3 precursor, 7-dehydrocholesterol, and to
identify the compound vitamin D3 itself in
human skin.
METHODS MD RESULTS
Human skin was obtained from the abdominal
area post mortem. Gross subcutaneous tissue was
dissected from each specimen which was frozen for
later analysis. Approximately 25 grams of skin
were collected. For hydrolysis, the frozen skin was
sectioned with a freezing microtome into 50 micron
sections and suspended in 15% ethanolic potas-
sium hydroxide containing 3.7% pyrogallol. The
mixture was refluxed for 60 minutes, rapidly cooled
and exhaustively extracted with iso-octane. The
iso-octane fraction was washed with distilled water
to pH 7. The iso-octane was evaporated in vacuo
and the residue was stored in vacuo at 200 C
prior to further processing.
7-Dehydrocholesterol
Preliminary separation of sterols was accom-
plished by chromatography in a single phase chlo-
roform system on SilicAR® TLC-7GF1 thin-layer
plates. The area of the chromatogram correspond-
1 Mallinckrodt-Chromar TM plates 7 GF 20
cm X 20 cm precoated glass plates for TLC.
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ing to reference 7-clehydroeholesterol was located
under ultraviolet light (Mineralite) and eluted
(5). Gas chromatography was performed on a Vie-
toreen Model 4000 gas chromatograph equipped
with a hydrogen flame detector. The column was
a 6 ft )< 4 mm ID glass tube silanized and packed
with 100/120 mesh gas chrom Q coated with 5%
Pie. 1. Gas chromatographic separation of the
pyro (peak 1) and isopyro (peak 2) isomers of
vitamin D2, cholesterol (peak 2), and 7-dehydro-
cholesterol (peak 3).
7DH STANDARD
Pie. 2. Gas chromatographic record of reference
7-dehydrocholesterol, 7 DII standard, superim-
posed on a record of 7-dehydrocholesterol isolated
from human skin.
SE-30, conditioned at 275° C, and 15 ml/min N2
flow for several days prior to use. Conditions for
chromatography were: injector 275° C, column
249° C, detector 275° C, nitrogen gas flow 17 ml/
mm. Under these conditions, Figure 1 demonstrates
the separation of cholesterol, 7-dehydrocholesterol,
and the pyro and isopyro derivatives of vitamin
D2. A single peak corresponding to authentic 7-
dehydrocholesterol was obtained when the 7-dehy-
drocholesterol zone was isolated from thin4ayer
chromatography (TLC) plates and subjected to
gas chromatography (Figure 2).
The ultraviolet spectrum (absorption maxima at
260, 270 and 281 mj) was characteristio of a A 7—8
sterol, and the infrared absorption spectrum of the
isolated sample is in good agreement with that of
authentic 7-dehydrocholesterol° (Figure 3).
Vitamin D8
The iso-octane extract was dissolved in 72%
aqueous ethanol solution. Cholesterol, 7-dehydro-
cholesterol, and other 3-hydroxysterols were pre-
cipitated as digitonides on an equimolar basis with
3% digitonin in 72% ethanol (6, 7). Vitamin D
does not form a digitonide and remains in the
supernatant. After 2 hours, the mixture was cen-
trifuged and the supernatant extracted with car-
bon tetrachloride. The extracts were combined,
concentrated and subjected to thin-layer chroma-
tography in the chloroform system. Using the con-
ditions described above, the area of the chromato-
2 The infrared spectrum of 7-dehydroeholesterol
was performed by Wayne L. Tansey, MS., Chem-
istry Research Section, Texas Research Institute
of Mental Sciences, IIouston, Texas.
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Fio. 3. The infrared spectrum of (A) authentic
7-dehydrocholesterol and (B) 7-dehydrocholesterol
isolated from skin.
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Fie. 4. Gas chromatographic record of vitamin
D3 standard superimposed on a record of vitamin
D3 isolated from human skin.
gram corresponding to reference vitamin D8 was
identified, eluted and subjected to gas chromatog-
raphy.
Figure 4 demonstrates the gas-liquid chroma-
tography (GLC) record of the isolated sample
compared with that of authentic vitamin D8. Vita-
min D3 when exposed to heat is wholly converted
to the pyro and isopyro cyclization products (8).
These separated on gas chromatography to form
two peaks which corresponded well with the stand-
ard, although the isopyro cyclization peak of the
isolated compound was broadened by residual
cholesterol (Figure 4). Vitamin D8 forms stable
trimethylsilyl (TMS) derivatives (9). Authentic
vitamin D3, 7-dehydrocholesterol and cholesterol
were derived as follows: 0.5 ml of TRI-SIL3 was
added to the dry extract and reacted for five min-
utes. The solvent was removed under N2, and the
sample taken up in pyridine for injection into the
gas chromatograph. Conditions for gas chromatog-
raphy are similar to those described previously ex-
cept that a 3% OV-1 column was utilized. The
GLC records for reference 7-dehydrocholesterol-
TMS, cholesterol-TMS, and the pyro and isopyro
vitamin D2-TMS derivatives are shown in Figure
5. The structural identity of the pyro and isopyro
products of authentic vitamin D3-TMS was con-
firmed by mass spectroscopy with a Perkin Elmer
Model 270 GC-mass spectrometer. As expected the
pyro and isopyro vitamin D3-TMS derivatives
yielded almost identical mass spectra with the par-
ent ion at m/e 456. The other most abundant ions
occurred at m/e 441, 366, 351, 327, 253, and 211. A
Chemical Company.
Fie. 5. Gas chromatographic record of TMS
derivatives of the pyro isomer of vitamin D3 (peak
1), the isopyro isomer of vitamin D3 and choles-
terol (peak 2) and 7-dehydrocholesterol (peak 3)
superimposed on the TMS derivative of vitamin
D3 isolated from human skin.
fraction of isolated band suspected to be vitamin
D3 was silylated and submitted to gas chromatog-
raphy. Figure 5 shows that two peaks were formed
corresponding to the pyro and isopyro derivatives
of authentic vitamin D3. Some interference by re-
sidual cholesterol is again evident in the second
peak.
Further proof of identity was obtained by use
of the derivative resulting from the reaction of
vitamin D2 with iodine trichloride (IC!3). Iodine
trichloride attacks the vitamin D3 molecule with
the addition of two chlorine atoms and the libera-
tion of free iodine (10). The iodine imparts a red
color to the solution indicating the reaction. When
the isolated TLC fraction corresponding to D3 was
reacted with ICl8, a red color became apparent
immediately. Thin-layer chromatography of the
reaction mixture revealed a dark band migrating
at Rf 0.8 which corresponded precisely with the
product formed by the reaction of authentic vita-
tamin D3 with IC!2. The band was eluted and
subjected to gas chromatography as previously de-
scribed. The single peak obtained from the iso-
lated IC!3 treated sample corresponded exactly
with that obtained from IC!3 treated reference vi-
tamin D3 (Figure 6).
A tracer amount of vitamin D3-H34 was added
to several skin samples prior to hydrolysis and cx-
4Obtained through the courtesy of Dr. Louis V.
Avioli, The Jewish Hospital, 216 South Kingshigh-
way, St. Louis, Missouri 63110.
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Ftc. 6. Gas chromatograph record of (a) the
product of 1C18 reaction with authentic vitamin
D3-H3 and (b) the superimposed record 91 the
product of ICl3 reacted with isolated vitamin D3.
The histogram represents the disintegrations per
minute (DPM) of tritium in sequential samples of
the gas chromatograph effluent of the standard.
traction. Vitamin D2-118 processed through the iso-
lation procedure yielded an average of 38% recov-
ery (range 35—40%). A tritiated sample, reacted
with ICl, was submitted to gas chromatography
with a 10:1 stream splitter in line before the de-
tector to allow sequential sampling of radioactiv-
ity. A peak of radioactivity was found to corre-
spond with the mass peak, therefore confirming
that this material was a derivative of vitamin D3
(Figure 6). Estimations of the quantity of vitamin
D3 in skin were carried out on the basis of the
tritium recovery and the mass calculated from the
GLC record of an aliquot of isolated vitamin Dr
TMS. Preliminary results indicate a concentration
of 32 tg/gm of skin.
DISCUSSION
The study of the photobiologic phenomenon
involving the antirachitic effect of sunlight on
skin is a classical chapter in medicine. As
early as 1890, Palm noted the relationship be-
tween sunlight and the development of rickets
(11). Huldschinsky employing mercury vapor
lamp (12) and Hess and linger utilizing sun-
light (13) demonstrated that irradiation would
prevent or cure rickets. Prior to the supplemen-
tation of vitamin D in the daily dietary intake,
the incidence of juvenile rickets was prevalent
especially during the cold months in urban
centers located in temperate zones. Children,
during the short winter days, were more apt
to play indoors and behind ordinary window
glass which filters out rays shorter than 320
mt. Negro children are thought to be more
prone to acquire rickets because the increased
melanin content of their skin enhances filtration
of the rays which possess antirachitie proper-
ties. Osteomalacia was reported as being of a
high incidence in the Mohammedan and high
caste Hindu young women who practiced the
custom of purdah. These veiled women sub-
sisted on a cereal diet inherently low in vitamin
D content and lived indoors (14).
In 1929 Windaus (15) reported that ultra-
violet light transformed 5—6, 7—8 unsaturated
aterols into compounds which posssessed vita-
min D-like properties. A clue as to the origin of
vitamin D came from the identification of 7-
dehydrocholesterol in skin by a number of in-
vestigators. 7-Dehydrocholesterol was first iso-
lated from pig skin by Windaus and Bock (16)
and later by other workers from a variety of
mammalian species (17, 18, 19, 20). Reinertson
and Wheatley reported an average of 4.0%
7-dehydrocholesterol and 1.4% fast acting
stcrols, vitamin D precursors, present in hu-
man epidermis (21). Most recent studies have
attempted to localize the biosynthesis of 7-
dehydrocholesterol in skin. The results of
in vivo experiments by the injection of labeled
acetate seem to indicate that in the rat skin
approximately 80% of the label was isolated
with 7-dehydrocholesterol in sebaceous tissue
(22). These investigators theorized that the
precursor sterol is stored as a constituent of
sebum and is translocated onto the skin sur-
face for irradiation (23).
Once vitamin D is formed, absorption is be-
lieved to be either by ingestion or by per-
cutaneous absorption (24). An interesting bio-
logic observation was made by Hou on the
antirachitic activity of the preen gland (25).
Hou found the preen gland (glandula uro-
pygialis) in birds to secrete oil which contained
vitamin D precursors. Induced dietary rickets
is reversed by exposing birds with intact preen
glands to ultraviolet light. During preening the
secretion is spread over the feathers, exposed
and activated by sunlight. The irradiated
products then are apparently ingested from the
feathers. In man absorption is percutaneous.
In view of the long history of studies on
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vitamin D, it comes as something of a surprise
that identification of the vitamin in skin had
never been achieved by classical chemical
techniques. Our evidence for this point may be
summarized as follows: (1) the gas chromato-
graphic match on a high efficiency column of
authentic vitamin D8 with the compound iso-
lated from skin, (2) gas chromatographic
match of the reference trimethylsilyl derivative
of vitamin D8, authenticated by mass spectros-
copy, with the similar derivative of the isolated
compound, (3) finding of the pyro and isopyro
forms of vitamin D8 in the isolated sample
after gas chromatography, (4) reaction of the
isolated compound with iodine trichioride to
produce a characteristic derivative and (5)
chromatographic match of the 1C13 reaction
product of the isolated compound with the
similar derivative of the authentic compound
on thin-layer and gas chromatographic sys-
tems. During these studies the conversion of
7-dehydrocholesterol in skin to vitamin D5
was prevented by working rapidly in almost
complete darkness. To check the effectiveness of
this procedure, standard 7-dehydrocholesterol
was processed under the same conditions as
those for skin; no conversion to detectable
vitamin D3 occurred.
During this investigation, the gas chro-
matographic properties of a number of deriva-
tives of vitamin Da have been studied. The
objective in this study was to produce a deriva-
tive that is quantitated easily and separates
well from the similar derivatives of 7-dehydro-
cholesterol and cholesterol. The derivatives of
trimethylsilyl, iodine trichloride, trichioroacetic
acid, heptafluorobutyrate and various deriva-
tives of bromination were examined. As Fig-
ure 1 indicates, it is difficult to achieve gas
chromatographic conditions that permit base-
line separation of isopyro vitamin D from
cholesterol and cholesterol from 7-dehydro-
cholesterol. Derivatives of these closely re-
lated compounds offer the best conditions for
quantitative separations. Cholesterol could not
be separated from the isopyro (or second)
D3 peak when present in the same sample with
vitamin D3 regardless of the derivative tested.
Cholesterol by itself, as is well known, will
chromatograph differently than when in com-
bination with related compounds. Of the de-
rivatives tried, the trimethylsilyl derivative
gave the best separation of vitamin D3 from
7-dehydrocholesterol and the two isomers of
D3 from each other. On the basis of this ex-
perience the trimethylsilyl derivative would
seem to be best suited to qualitative and quan-
titative studies.
The vitamin D3 content of non-irradiated
human abdominal skin is approximately 32
g per gram of trimmed tissue (17.0 IU/cm).
This estimate corresponds well with the results
of bioassay which indicate approximately 10
International Units of vitamin D3 per square
centimeter of irradiated skin (range 4—18 IU/
cm2) (26). As shown in animal studies (27),
these values will probably vary with location
of skin specimen and with amount of exposure
to ultraviolet irradiation. Recent experimental
evidence indicates that vitamin D3 may func-
tion more as a steroid hormone interacting
with genetic information than as a cofacior for
a specific enzymic reaction (28, 29). Experi-
ments are now in progress to quantitate vita-
min D3 in various regions of skin under various
conditions to determine the limits of vitamin D
production and to study the photobiologic
reactions concerned with the metabolism.
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